tural strain Purple Top White Globe). For comparative purposes, etiolated coleoptiles of Avena sativa L. strain Victory were used.
Seeds were planted in rows in polystyrene trays of sand. Seedlings were grown and experiments were performed in a room that was maintained at a temperature of 240 C and a relative humidity near 85 %. The room was kept dark except for occasional red illumination from incandescent safelights (Rubylites of 4 C.P.). Germination of the crucifers was somewhat uneven; however experiments were started when most of the seedlings averaged about 30 to 35 mm in height -cabbage requiring about 5 days, radish and turnip, 4 days. Only those within 5 mm of the average were used. With a cutter of the author's design, one 10-mm section was cut from each hypocotyl beginning, as closely as could be determined in the dim red light, 5 mm below the cotyledonary node. For Avena, 10-mm sections were cult befinnino 5 mm below the undecapitated tips of 25-to 35-mm coleoptiles. As standard procedure 10 sections were floated on 20 ml of test solution in each 20 x 100-mm Petri dish. When testing extracts and on a few other occasions 5 ml of solution in 15 x 60-mm dishes were used, the smaller volume not giving significantly different results.
The author is well aware that both final length after some arbitrary period of time and growth rates during that time are influenced by many factors including the composition of the basal medium. The test solutions used, except to test effects of pH and buffers, contained no additives other than regulator (or/and extract) and the NaOH or HCI necessary to give a pH of 6 for the following reasons: Radish hvpocotyl sections responded essentially identicallv to TAA and to JAN in 0.005 M sodium maleate soluitions of initial pH's of 5 and 6 (final pH's of 5.3-5.4 and 6.2, respectivelv); however optimal 24-hour growth for both regulators was 25 % less in this buffer than with none, initial pH adjusted to 6 (final pH 6.6 to 6.9). Bentley's group did not adjust initial pH; however, as will be indicated later, this proved important only with the highest IAA concentrations used. Sucrose was not added primarily because the English group, with whose work this was to be compared, did not do so.
Lengths of sections were determined either by direct measurement or photographically as previously described (14) . The growth in water alone was subtracted from total growth before plotting the graphs; lhowever the values for water growth appear in the legends. It may be noted that growth in water of crucifer hypocotyls is much less than that of Avena coleoptiles. Greater variability often was found among crucifer sections of a test dish than usually reported or found by the author for Avena; nevertheless average values were quite consistent and repro- one major exception, Initially growth was greater in IAA but this was results of Bentley and followed by shrinkage. These workers concede that ieir finding that after this might be related to the low pH of 4.1 measured ,ections in 5.7 x 1A AI1 for this concentration however they point out that the connection is not clear since no shrinkage of sections occurred in succinic acid solution at pH 3.5. That this is related to low pH is indicated in figure 1 by the lack of or at least low toxicity at high IAA con- The patterns of growth responses among the crucifers tested, as shown in figure 2, while quite different from those of Avena, are similar to each other except for the response of turnip to IAA. The nearly equal ,growth of turnip hypocotyl sections over a 10,000-fold IAA concentration range is difficult to understand, though a partial explanation may be indicated by results to be presented later. Germination of the turnip seeds was not uniform, the diameter of the hypocotyls was small, and the sections tended to curve markedly in the test solutions; therefore work with turnip was not continued.
There are several differences between the growth curves for the crucifers and for Avena. Crucifers respond to lower concentrations of IAA. The optimal concentration of IAA for crucifers is 106 1M; for Avena, 10 4M. The growth curves for crucifers do not decline as rapidly at supraoptimal concentrations of IAA as does that for Avena. Crucifers are less sensitive to low concentrations of IAN than Avena; however, the concentrations producing maximum growth are the same. The growth curves for crucifers span less of a concentration range of IAN than does that for Avena.
With the above noted differences in comparative 24-hour growth responses of Avena and crucifers to IAA and IAN, it seemed of interest to compare the growth rates of one of the crucifers with those of Avena reported by Bentley and coworkers (3, 12) . These investigators found no appreciable differences between growth rates induced by IAA or IAN at any but the highest concentrations used, if comparisons are made between concentrations giving nearly equal final lengths. If IAN possesses activity only after hydrolysis, the growth rates observed throughout the entire period of growth would be expected to vary from those of IAA only as a result of side effects, such as general toxicity, or sufficiently slow conversion to cause a lag period. However, if IAN possessed activity without hydrolysis, it would seem logical also to expect nearly the same growth curves as for IAA because of the structural similarity of the two molecules. Bonner and Foster (4) found both IAA and 2,4-D to give linear growth rates that are apparently strictly comparable even though no assumption of conversion of the 2,4-D is made. Without the operation of substantially different growth mechanisms or of side effects or lag periods, one would expect active compounds to produce quite comparable growth rates over long periods of time.
The growth rates of radish hypocotyl sections for a range of concentrations of IAA and IAN during 24 hours are shown in figures 3, 4, and 5. As was mentioned earlier, the values plotted represent the differences between growth in water and in regulators. In this connection it should be noted that the negative slopes in these graphs do not reflect shrinkage of sections-shrinkage never having been observed-but only growth rates less than those of control sections in water. To enable more accurate representation of early growth and better comparison of actual rates and changes in rates, the curves were broken into three figures covering the periods of 0-4, 4-12, and 12-24 hours; and the figures were broken into three parts, grouping concentrations that produced comparable 24-hour growth. Although it was necessary that the scales for the abscissas in the figures be different, the scales of the ordinates were ajusted so that equal growth rates have equal slopes throughout, e.g., a growth rate of 0.5 mm per hour would have a slope of 1 in each figure.
The results are about the same as those found for Avena (3, 12) An attempt to establish a framework that might serve as a guide for interpretation of the data of this paper and also be in agreement with other available data led to the scheme presented in figure 7 .
The potentially active IAA was suggested by and is meant to correspond with the "physical uptake" of Reinhold (17) , the "diffusible" and "exchangeable" fractions of Johnson and Bonner (13) , and the "outer space" of anionic diffusion of Epstein (6) . The concentration of potentially active IAA within tissue is presumably the same as or directly proportional to the external concentration. In contrast to the above, Andreae and Van Ysselstein (1) found the uptake of IAA from external solution to be wholly dependent on aerobic respiration in pea stems.
The metabolic removal is based mostly on the findings of the above authors (1, 6, 7, 13, 17) and others. It is also prestumed that the actual utilization of IAA in growth is metabolic, with the IAA so used never returned as again potentially active. The metabolic uptake might by-pass the diffusible internal pool of potentially active IAA in the epidermal cells. However, as pointed out by Epstein (6) Direct utilization of IAN in growth is not included since there is no clear evidence that it occurs; however, reference will be made from time to time to this possibility.
The rates of reactions and even some of the reactions presented in figure 7 certainly vary from species to species. It is this variability that must be used in any attempt to interpret or possibly explain the differences in responses noted. As one example may be cited the lack of significant responses of corn and peas to IAN, which indicates not only absence of direct IAN utilization but also absence of an IAN hydrolyzing enzyme or enzyme system in these species (19) . Another example is the variability, both qualitative and quantitative, of metabolic products of IAA found in 12 plant species (7).
The belief, which seems to have become so widespread, that IAN activity in Avena depends on hydrolysis rests not only on proof that hydrolysis does occur but also on the assumption that the internal potentially active concentration of IAA is 3 to 10 times greater in any IAN solution than in an IAA solution of the same concentration. An apparently reasonable explanation has been offered to account for the latter (18)-a greater rate of uptake of IAN than of IAA coupled with considerable IAN hydrolysis.
Throughout the lower concentration range Avena requires about 5 times more IAA than radish for comparable growth. This greater sensitivity of radish could reflect differences in one or more of the actions which add IAA to or remove it from the potentially active pool. Whether movement across the membrane is sufficiently rapid to allow establishment of near equilibrium and not be limiting or is no more than a limiting steady state flow is undetermined. Greater penetrability of IAA through radish than through Avena membranes could be a reason for occurrence of the above phenomenon. Lower non-growth metabolic removal of IAA in radish than in Avena also could account for the greater sensitivity of radish since the effect would be to increase the relative amount of potentially active IAA. The most probable explanation, however, might lie in the relative reactivities in growth utilization of IAA or any complexes formed.
In (5) . It is also consistent with the scheme presented in figure 7 . Whether or not the 50 to 1 ratio of IAN to what is probably IAA reflects a limited hydrolysis of IAN is, therefore, uncertain. Such a ratio does, however, correlate quite well with the lesser sensitivity of crucifers to IAN than to IAA and the assumption that IAN must be hydrolyzed to be active in growth.
Analytical studies of the fates of externally supplied IAA and IAN are underway at the present time.
SUMMARY
The 24-hour growth of cabbage, radish, and turnip hypocotyl sections was compared with that of Avena coleoptile sections. The crucifers were more sensitive to IAA but less sensitive to IAN. Whereas the growth response ranges for IAA and IAN were nearly identical for Avena, for crucifers the range of response to IAA was much greater than to IAN.
As had been reported for Avena, the growth rates of radish in response to IAA and IAN were essentially alike. Growth rates changed with time, increasing then decreasing at low concentrations and decreasing at medium to high concentrations. The concentrations of IAA and IAN producing maximum growth shifted to lower values with increasing time up to 24 hours, the shift for IAA being much greater than for IAN.
The concentrations of endogenous IAN and an active, acid, indole compound-presumably IAA-were found to be of the magnitude of 1O5 'M and 2 x 1(}7 MI equivalents, respectively.
A scheme indicating the probable or possible fates of IAA and IAN following external presentation of these to plant sections was presented and the data discussed in relation to this scheme. Since several possibilities for explanation of the results exist, whether or not IAN is active in promoting growth before or only after hydrolysis in crucifers cannot now be determined.
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